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AN EXPERIMENTAL EVALUATION OF THE HEAT TRANSFER COEFFICIENTS OF R-134a RELATIVE TO R-1Z 
M. W. Spatz and J. Zheng 
Allied-Signal In~, Buffalo Research Laboratory 
Buffalo, NY 14210 
ABSTRACT 
Tests were run with both R-12 and R-l34a in a water calorimeter. Refrigerant 12 was run with mineral oil as the lubricant. Evaporating and condensing heat transfer coefficients were calculated over a range of temperatures. To evaluate the impact of the lubricant on the heat transfer coefficients, a oil separator was added. Tests were then run with the oil separator over the same temperature range as the first test series. The refrigeration loop was then charged with refrigerant l34a along with a polyalkylene glycol (PAG) oil. Heat transfer coefficients were calculated for the low oil and normal oil circulation test series and then compared to those calculated during the R-12 tests. Test results show a near consistent trend of improved heat transfer with R-134a as compared to R-12. The presence of oil reduces the condensing heat transfer while slightly improving the evaporation. 
INTRODUCTION 
Refrigerant 134a has been identified as an environmentally safe substitute for refrigerant 12. In order to utilize R-134a in an efficient manner, the refrigerant's impact on heat exchanger performance needs to be determined. This is not a straightforward task, since many parameters can effect the heat transfer process. Flow channel geometry, flow velocity, temperature, surface characteristics, the presence of lubricating oils, and many other factors can impact the heat transfer characteristic of a given refrigerant. A comparison of the heat transfer characteristics of R-134a relative to R-12 for a system with refrigerant evaporating and condensing in an annulus was made to quantify the impacts of both the new refrigerant (R-l34a) and a new lubricating oil (a PAG) on a given system. 
As a precursor to the experimental evaluation of the refrigerant heat transfer, a prediction of the heat transfer impact of R-134a was made using empirical correlations for in-tube evaporation and condensation. 
A correlation found in ASHRAE Fundamentals (1989) for forced convection evaporation of R-12 & R-22 in copper tubes (Pierre 1957, 1955) was used to predict the impact on the evaporation heat transfer coefficient. 
where: 
h evaporation heat transfer coefficient C1 .0009 for exit quality of less than 0.90 n 0.5 for exit quality of less than 0.90 C1 • 0082 for 11 "F superheat at exit 
n 0.4 for ll°F superheat at exit 
225 
J mechanical equivalent of heat 
~X change in quality 
k fluid thermal conductivity 
~ fluid viscosity 
h 19 latent heat 
of vaporization 
L characteristic length 
D tube diameter 
G mass velocity (mass flow + flow area)
 
This reduces to the following expressio
n assuming an exit 
superheat of ll°F and equal mass flow, geom
etry, and quality change: 
The evaporative heat transfer coefficient 
ratio was calculated 
over the range of temperature that is expec
ted in most applications (-
40 to 100°F) and is shown on Figure 1. A 30
 to 40% improvement in the 
boiling heat transfer coefficient is predict
ed when switching from R-12 
to R-134a. 
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Fig.1 Predicted Evaporating Heat Transfer 
Coefficient Ratio 
A correlation developed by M. M. Shah (Int
ernational Journal of 
Heat and Mass Transfer, Vol. 22, 1979) for 
heat transfer coefficients 
for film-type condensation inside horizonta
l tube~ ~as used to predict 






= condensing heat transfer coefficient 
= sensible heat transfer coefficient for liquid 
= Position within heat exchange~ 
1: entrance of two-phase region 
2: exit of two-phase region 
refrigerant quality 
= liquid Prandtl Number (,cP f.l I k) 
If one assumes that the vapor quality variation is linear with length and x varies from 1 to 0, the following expression results: 
hc-hLx[O.SS+( :-0~;9 )] 
r 
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Fig.2 Predicted Condensing Heat Transfer Coefficient Ratio 
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The condensing heat transfer coefficien
t ratio was then calculated 
over thoe tempera.ture range that is exp
ected for most applications (0 
to 200 ~) and ~s shown on Figure 2. In
 general, the condensing 
coeff~c~ent for R-134a is predicted to be 
20 to 30% higher than for R-
12 (below 180°F) . 
T~ese predictions were based on genera
l empirical correlations 
that. dJ.d not. have R-134a in its data
base or include the impact of 
refr~gerant.oJ.l. Therefore, it was dec
ided to experimentally evaluate 
R-l34a and J.ts lubricating oils in our
 laboratory. 
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Fig.3 Water calorimeter Schematic 
The testing was conducted in Buffa
lo Research Lab's water 
calorimeter. The calorimeter consists 
of three loops (shown on Figure 
3). The refrigeration loop consists of
 a compressor, two tube-in-tube 
heat exchangers (serving as the evapo
rator and condenser), a manual 
expansion device, a liquid subcooler (
not used for these tests) , and 
a suction line heat exchanger (not show
n). A glycoljwater loop supplied 
heat to the evaporator via an electri
c heater. A second water loop 
rejected the heat from the condenser to
 the atmosphere. 
The test stand was instrumented with a 
PC based data acquisition 
system. Pressure transducers and thermo
couples were used throughout the 
system. Instantaneous power consumption
 of the compressor was monitored 
with a watt transducer. Water flows 
in both source and sink were 
measured by Coriolis effect mass flow m
eters. Closed loop control from 
the J?ID temperature controllers coupled
 with SCR power controllers were 
used to ensure stable source and sink 
temperatures. 
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With this instrumentation the following parameters were calculated and;or determined: heat transfer into the evaporator from the heat source water loop, heat transfer from the condenser into the heat sink water loop, electrical energy into the compressor, refrigerant thermodynamic state points at the entrance and exit of the major components, and identification and sizing of the two-phase regions of the evaporator and condenser. 
The calorimeter was first run with R-12 to establish a baseline for later tests. The system was run until all temperatures and pressures stabilized and the desired evaporator and condenser temperature was achieved. The evaporator set point temperatures ranged from 20 to 60°F and the condensing temperatures ranged from 90 to l60°F. After this first series of tests was completed, a oil separator was added to the system and an abbreviated version of the first test series was run. This served two purposes, to determine the impact of the circulation of mineral oil on the heat transfer performance of R-12, and to collect most of circulating oil for easier cleaning for the next series of tests. 
The refrigeration loop was flushed of refrigerant and mineral oil and then charged with R-l34a and a polyalkylene glycol (PAG) lubricating oil. The two R-12/mineral oil test series was repeated with R~lJ4ajPAG (the first with the oil separator by-passed and the second with the oil separator active). 
TEST R.ESULTS 
The overall heat transfer coefficient for two-phase heat transfer was calculated by determining the heat transfer area active in two~ phase heat exchange and the mean temperature difference between the saturation temperature of the refrigerant and the water. 
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Fig.s A Comparison of the Condensing Heat Transfer Coeffici
ents 
(Data Curve Fitted to an Exponential Curve) 
The two-phase region of the heat exchangers was identified
 by 
using the refrigerant temperature profiles determin
ed from 
thermocouples applied to the insulated outer wall of 
the heat 
exchanger. The average refrigerant saturation pressure was
 used to 
determine saturation temperature. By dividing the heat trans
ferred to 
the water by the total enthalpy change of the refriger
ant, the 
refrigerant mass flow was determined. With this information, 
the water 
temperature changes associated with each region of the heat e
xchangers 
was calculated, which permitted the determination of 
the mean 
temperature difference between the refrigerant and the w
ater and 
thereby, the overall heat transfer coeffic~ent. 
To determine the heat transfer coefficient for the refrigera
nt, 
the heat transfer coefficient on the water side neede
d to be 
determined. The sensible heat transfer coefficient of wate
r flowing 















D J..L k 
heat transfer coefficient 
fluid thermal conductivity 
tube diameter 
mass velocity {mass flow + flow area) 
fluid viscosity 
fluid specific heat 
With this data reduction procedure, evaporating and conden
sing 
heat transfer coefficients were calculated for each test
 series. 
Individual points were fitted to an exponential curve using
 a least 
squares regression analysis. Figures 4 and 5 show the results
 for the 
evaporating and condensing coefficients, respectively, far e
ach test 
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series. Figures 6 and 7 show the ratio of the R-134a coeffic~ent to that of R-12 for both normal and low (active oil separator) oil circulat~on. 
Although not a specific objective of this paper, a comparison of R-12 vs. R-134a system perfonnance was made. The c.o.P. of the refrigeration system was calculated using the heat transferred in the evaporator and the energy supplied to the compressor. The C.O.P. was plotted against the difference in ·saturation temperature between the evaporator and the condenser and is shown on Figure 8. 
DISCUSSION AND CONCLUSIONS 
There is a near consistent trend of improved heat transfer coefficients with R-134a versus R-12. The only anomaly is for the evaporative heat transfer coefficients at low refrigerant mass flow rates with low oil circulation. However, there were very few data points taken in this region which could have resulted in an inaccurate curve fit. 
There is a 10 to 20% increase in the evaporative heat transfer coefficient with nonnal oil circulation, somewhat lower than the 30+% increase predicted. The condensing coefficient for R-134a also shows an increase (approx. 10%) over R-12, but again the increase is less than the 2 0+% predicted. However, the predictions were based on a different geometry (inside a smooth tube vs. inside an annulus with spiral tinning) which could effect even the relative perfonnance of the two refrigerants. 
RELATIVE EVAPORATING HEAT TRANSFER 
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Fig.7 condensing Heat Transfer Coefficient
 Ratio 
The presence of refrigerant lubricating oil
 in circulation tends 
to significantly decrease the condensing c
oefficient (see Figure 5) . 
There is a 25% increase in the condensing he
at transfer coefficient for 
R-134a when the oil separator is active. 
R-12's performance is also 
improved with the oil separator by nearly
 the same percentage. The 
opposite eftect is seen when one looks at e
vaporation (see Figure 4). 
The evaporation coefficient for R-134a is 
improved with the presence 
of the lubricating oil (approximately 
20%). R-12's evaporation 
coefficient is also improved where the bul
k of the test points were 
taken (better curve fit) but by a smaller p
ercentage (about 10%). 
A possible explanation for the lubricants im
pact on heat transfer 
is that the lubricant coats the condensing 
surfaces and increases the 
resistance to heat transfer, thereby raisin
g the surface temperature 
the refrigerant sees in the condenser. In th
e evaporator, the lubricant 
may provide nucleation sites, thereby enh
ancing refrigerant bubble 
formation. 
As previously stated, a study of system perfo
rmance impacts of the 
new refrigerant and lubricant was not a prim
ary objective of this work, 
but it was interesting to note that there w
as not a detectable change 
in the refrigeration system efficiency whe
n R-12 and mineral oil was 
replaced by R-134a and a polyalkylene glycol
 lubricant. Although Figure 
8 shows some scatter (plotting COP only as
 a function of saturation 
temperature differences had a significan
t role in the amount of 
scatter) , there does not appear to be a 
trend of a deviation in 
performance between the two refrigerant sys
tems. 
The impact of replacing R-12/mineral oil w
ith R-134/PAG on the 
two-phase heat transfer coefficients ":as det
ermined for a 5Jiven system. 
Existing empirical correlations pred1cted 
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Fig.S system Efficiency Impacts of R-134a vs. R-12 
transfer with R-134a but did not accurately predict the magnitude of improvements. Additional testing will be required over a greater range of conditions, geometries, and systems to provide a database so system designers can optimize new systems and achieve the best possible energy utilization efficiency at a competitive first cost. 
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